Functional analysis of the PTH/PTHrP network of ligands and receptors.
Parathyroid hormone (PTH) and parathyroid hormone-related protein (PTHrP) are two related proteins that activate a common PTH/PTHrP receptor, yet have quite distinct physiologic missions. PTH is the major peptide regulator of blood calcium in higher vertebrates, while PTHrP predominantly acts as a paracrine regulator of differentiation and local intercellular signaling. To analyze the physiological roles of PTHrP and the PTH/PTHrP receptor, "knockout" mice missing either the PTHrP or the PTH/PTHrP receptor gene were developed. Both the PTHrP (-/-) mice and the PTH/PTHrP receptor (-/-) mice exhibit a growth plate chondrodysplasia that reflects accelerated differentiation of proliferating chondrocytes. Growth plate chondrocytes regulate the local production of PTHrP by secreting the protein, Indian hedgehog (Ihh), as they are leaving the proliferative pool. Ihh stimulates the production of PTHrP, which then slows the differentiation of chondrocytes, thereby delaying the production of Ihh. PTHrP also stimulates transport of calcium across the placenta. PTHrP (-/-) mice lack the normal elevation of fetal blood calcium (when compared to maternal levels) and have low placental transport of calcium. Fragments of PTHrP that do not bind to the PTH/PTHrP receptor can correct the defect of placental calcium transport in these mice. Thus, this action of PTHrP is not mediated by the PTH/PTHrP receptor. The "knockout" mice thus help delineate the roles of PTH. PTHrP, and the PTH/PTHrP receptor in an interacting network of ligands and receptors.